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Title 

POLYHYDROXYBENZOIC ACID DERIVATIVES 

Background of -the Invention 

5 Various hydroxy substituted benzohydroxamic 

acids are known — see Gale and Hynes, J . Med . Chem . , 11 , 
191 C1968) , Gale, Hynes and Smith, ibid , 13 , 571 (1970), 
Van't Riet et al.. United States Patent 4,263,322, 
Howie and Gale, Proc. Soc» Exptl. Biol. Med ., 131 , 697 
10 (1969), Gale et al. Biochem. Pharm. , 20 , 2677 (1971). 

Biological effects of hydroxy-substituted 
benzainides as well as other uses of such compounds are 
to found in Kreuchunas, United States Patent 2,84 9,480, 
Chemical Abstracts , 85 , 94115w (1978) , 7£, 112752f 
15 (1971) . 

The ■hydroxybenzohydroxamic acids are known .to 
be inhibitors of "ribonucleotide reductase according to 
the Elford, Wampler and Van't PJ-et group — see Cancer 
Res. , 22, 589 (1979) , Abstracts, Proc. Am. Assoc. Cancer 

20 Res. , 18, 177 (1977) , 19, 63 (1978) , 20, 149 (1979) , 
22_, 18 (1981) , 22/ 202 (1982) , Va. J. Sci. , 29^, 81 
(1978) , papers, J. Pharm. Sci. , 69 , 856 (1980) , New 
Approaches to the Design of Antineoplastic Agents- 
Bardos and Kalman, eds . pp 227 (Elsevier Biomedical, 

25 New York, N.Y.), 856 (1982), Advances in Enzyme Regu- 
lation , 19 , 151 (1981), Abstract, Med . Ped. Oncol . , 10 
102 (1982), Abstract, Proc . 13th Int. Cancer Cong. 
pp 88 (1982), papers, J. Med. Chem . , 22 , 589 (1979) and 
Cancer Treat. Rep . , 6J_, 1825 (1982) .• 

30 



WO 84/04676 




BNSDOCID: <WO B40467eA1_L> 



wo 84/04676 PCT/US84/00755 



-2- 



Polyhydroxy-substituted benzaxnidoximes , 
benzamidines, benzohydroxyamidoximes and benzamidates , 
so far as can be ascertained, are not recorded in the 
chemical literature. 

5 Suirunary of the Invention 

This invention provides compounds of the 

formula: 

10 \_(CHR-)„J-R 



Wherein n is 2-5, m is 0 or 1 , R' is NOH or NH, R is 
or NHOH when R' is NOH, R is or 0-0^^3 alkyl 

IS when R' is NH, and R" is H or OH; and pharmaceutically 
acceptable acid addition salts thereof. 

Preferred compounds according to formula 1 
are those in which at least two of the hydroxyls in the 
phenyl ring are vicinal. An even more preferred group 
20 of compounds are those in which the vicinal hydroxyls 
are at C-3 and C-4 of the phenyl ring, 

Compoxinds according to I are named as hydroxy- 
substituted benzamidoximes when m is O, R' is NOH and R 
'is NH2/ as hydroxy-substituted benzohydroxyamidoximes 
25 when m is O, R' is NOH and R is NHOH, as hydroxy-sub- 
stituted benzamidates when m is O/ R' is NH and R is 
0-C^_2 alkyl and as hydroxy- substituted benzamidines 
when m is O, R' is NH and R is NH2 • 

30 




BNSDOCID: <WO B404e76A1_l_> 



wo 84/04676 



PCT/US84/00755 



-3- 



10 



15. 



20 



25 



30 



When m is 1, and R" is OH, the con«>otinds are 
named as hydroxy-substituted mandelamidoximes, mandelo- 
hydroxyamidoximes , mandelamidates and mandelamidines 
respectively. These inandelic acid derivatives have a 
center of assymetry and hence are prepared as a race- 
mate or dl mixture.. This invention includes both the 
racemates as well as the individual component optical 
isomers . 

When m is 1 and R" is h, the compounds are 
named as hydroxy-substituted phenyl acet amid ox ime s , • 
phenylacetohydroxyamidoximes , phenylacetamidates and 
phenylacetamidines respectively. 

Representative compounds according to formula I 
above include: 

2 . 3 - dihy dr oxybenzohydr oxyamidoxime 
•■ 3,4-dihydroxybenzohydrQxyamidoxime ' 

methyl 2 , 3 , 4-trihydroxybenzamidate 
isopropyl 3 , S-dihydroxybenzamidate 
ethyl 3,4,5-trihydroxybenzamidate 
ethyl 3,4-dihydroxybenzamidate 

3 . 4- dihydroxybenzamidoxime 
3,4, 5-trihydroxybenzamidoxime 
2,3,5 -tr ihydroxybenz amidoxime 
n-propyl 2,4, 5 - tr ihydroxybenz amidate 
2 , 3 -dihydroxybenzaraidoxime 

ethyl 2 / 4-dihydroxybenzamidate 
ethyl 3,4, 5-trihydroxybenzamidate 

2 . 5- dihydroxybenzohydroxyamidoxime 
3 / 4 , 5-trihydroxybenzamidine 

2 r 3-dihydroxybenzamidine 
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2,3 # 4-trihydroxyben2ainidine 
3 / 4-dihydroxybenzamidine 

, 4 , 5-trihydroxymandelamidine 
2, A, S-trihydrdaorbenzamidine 
3 , S-dihydroxybenzamidine 
dl-3 , 4-dihydroxymandelainidine 
<il"'3 , 4 , S-trihydroxymandelamidine 

/ 3-dihydroxymandelaniidine 
dl~2 , 3 , 4-trihydroxymandelohydroxyaiiiidoxiine 
<3'l-2 ,4 r S-trihydroxymandelohydroxyamidoxin^ 
2 / 3 , 4-trihydroxyben2ainidoxime 
2 / 3 I, 4-trihydroxybenzohydroxyamidoxime 
3,4, S-trihydroxybenzohydroxyamidoxime 
ethyl 2 ,3-dihydroxyben2amidat:e 
dl-3 / 4-dihydroxyinandelainidoxime 
^^"•3 , 4 ; S-tirihydroxymandelohydroxyainidoxiine 
^'1-3 / ^••dihydroxyinandelohydroxyainidoxiine 
^l"'^ , 4-dihydroxyinandelohydroxyamidoxime 
dl-2 , 4-dihydroxymandelamidoxime 
^^^2 , 3-dihydroxyinandelamidoxiine 
dl-3 , 5-dihydroxyiQandelamidoxime 
<^1"2 , 3 / 4-trihydroxymandelamidoxiine 
^1"3 , 4 , S-trihydroxyrnandelamidoxiine 
^1^2 , 4 , 5-trihydroxymandelamidoxime 
dl -methyl 3 , 4-dihydroxiTriandelainidate 
dl-ethyl 3 ,5-dihydroxyiriandelainidate 
dl-n-propyl 2 / 3-dihydrcxyniandelamidate 
dl -methyl 2 , 3 ,4-trihydroxyn;andelamidate 
dl-ethyl 3,4, 5- tr ihydroxymandel amidate 
dl-ethyl 2,3, S-trihydrcxymandelamidate 
dl-isopropyl 2,4, 5-trihydroxymandelamidate 
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3 , 4-dihydroxyphenylacetamidoxiine 

3 , s-dihydroxyphenylacetamidoxime 

2 , 3-dihydroxyphenylacetainidoxime 

2 , S-dihydroxyphenylacetamidoxiine 

2 , 4 -d ihydr oxypheny 1 ac etamidoxime 

2 , 3 ,4-trihydroxyphenylacetamidoxime 

3 , 4 r S-trihydroxyphenylacetamidoxime 

2,4^ S-trihydroxyphenylacetamidoxime 

2^3, S-trihydroxyphenylacetamidoxime 

ethyl 3, 4 -dihydr oxypheny lac etamidate 

methyl 2 , 3 -dihydroxyphenylacetamidate 

n-propyl 3 , 5 -dihydroxyphenylacetamidate 

isopropyl 2,3,4 -tr ihydroxyphenylacetamidate 

methyl 3,4, 5-trihydroxyphenylacetamidate 

methyl 2,4, 5-trihydroxyphenylacetamidate 

methyl 2,3,4,5 -t etrahydroxypheny lacetamida te 

ethyl 2,3,4, 6-tetrahydroxyphenylacetamidate 

methyl 2,3,4,5, 6-pentahydroxyphenylacetamidate 

2,3,4, 5-tetrahydroxyphenylacetamidine 

2.3.4. 5- tetrahydroxybenzylacetamidine 

2.3.5. 6- tetrahydroxyphenylacetamidine 
2,3,4,5, 6-pentahydroxyphenylacetamidine 
2,3,4,5, 6-pentahydroxyphenylacetohydroxyamidoxime 
2,3^5^ e-tetrahydroxyphenylacetohydroxyamidoxime 
2,3,4, 5-tetrahydroxyphenylacetohydroxyamidoxime 
ethyl 2,3, 5-trihydroxyphenylacetamidate 

2 . 3- dihydroxyphenylacetamidine 

3 . 4- dihydroxyphenylacetamidine 

3 . 5- dihydroxyphenylacetamidine 

2 . 4- dihydroxyphenylacetamidine 

2 . 5- dihydroxyphenylacetamidine 
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2.3. 4- tr ihydroacyphenylacetamidine 

3.4. 5- trihydroxyphenylacetaiaidine 

2 # 4 , 5-trihydroxyphenylacetamidine 
2,3, S-trihydroxyphenylacetamidine 

5 3,4 -dihydroxyphenylace tohydroxyamidoxime 

3 , S-dihydroxyphenylacetohydroxyamidoxime 
2 f 3 -dihydroxyphenylace tohydroxyamidoxime 

2.3. 4- trihydroxyphenylacetohydroxyamidoxime 
2 / 3 , S-trihydroxyphenylacetohydroxyamidoxime 

10 2,4,5 -tr ihydroxyphenylacetohydroxyamidoxime 

3.4. 5- trihydroxyphenylacetohydroxyamidoxime , 
and the like. 

Benzamidoximes and phenyl acetamidoximes 
according to I above, where R' is NOH and R is NH2, 
15 can be prepared reacting a nitrile the formula 



:«-(CHR' ' )_CN 



20 

where m is 0 or 1 and R' • is H with hydroxy lamine in 
aqueous solution. Where R' » is OH and m is 1, this 
nitrile may be a transitory intermediate formed by 
reacting an aldehyde of the formula 

25 (0H)^\ 



HO 
III 



where n is 2-5 with a mixture of an alkali metal 
30 cyanide and hydroxylamine hydrochloride in aqueous 
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solution. The mandelonitrile (a cyanohydrin) forms 
initially but then reacts at once with hydroxylamine to 
give the desired mandelamidoxime. 

The amidates (I where R is 0-Cj^_3 alkyl and R' is 
5 NH) can be prepared by reacting the above nitrile (ii) 
with a lower alkanol (C^_^ alkyl OH) to which has been 
added an acid such as gaseous HCl. The reaction medium 
here should be non-aqueous, and Lewis acids other than 
HCl can be employed. 
10 Nitriles useful in the above two synthetic 

procedures are readily available by processes set forth 
in the art. 2 , 3 , 4-Trihydroxybenzonitrile, the three 
tetrahydroxybenzonitriles and pentahydroxybenzonitrile 
are, however, new and their synthesis will be set forth 
15 in detail below. 

Compounds according to I in which R is NHOH 
and R' is NOH can be prepared from the corresponding 
benzamidoxime, phenylacetamidoxime or mandelamidoxime 
(OH) \ 

20 NOH 

•C >-(CHR") -C-NHa 

when n, m and R" have the same significance as before 
by reaction with hydroxylamine hydrochloride. The 
25 hydroxy-substituted benzamidines , phenylacetamidines 
and mandelamidines can be prepared from the corre- 
sponding amidate by reaction with ethanolic ammonia. 



30 




BNSOOCID: <WO 84<Me7eA1J_> 



wo 84/04676 PCTAJS84/00755 



-8- 



10 



The following more detailed examples illus- 
trate the preparation of the compounds of this in- 
vention. Other equally useful methods for their prep- 
aration will readily suggest themselves to those 
skilled in the art. 

Example 1 

Preparation of 3 ,4-Dihydroxybenzamidoxime 

30 g. of 3,4-Dihydroxyben2onitrile were 
dissolved in 300 ml. of water containing 25 g. of ' 
hydroxylaminesulfate which had been neutralized by the 
addition of aqueous sodium hydroxide to pH « 8.0. The 
reaction mixtxare was stirred at about 45" c. for 18 
hours. 3,4-Dihydroxybenzamidoxime formed in the above 
15 reaction had precipitated and was collected by fil- 
tration. The -filtered amidoxime was suspended in water 
and the aqueous suspension acidified to about pH = 2.0 
with 12N aqueous hydrochloric acid. The acidic solution 
was decolorized with charcoal and the solvent removed 
by evaporation. Recrystallization of the residue 
yielded 3, 4-dihydroxybenzamidoximehydrochloride melting 
at about 193 « C. with decomposition. 

Analysis Calculated: C, 41.09; H, 4.43; N, 13.69 

Found: C, 41.12; K, 4.47; N, 13.69 



20 



25 



Equivalent weight by titration 206 (theory = 204.6); 
yield = 72% 
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Example 2 

Preparation of 3,4,5-Trihyclroxyben2ainidoxinie 

About 7.5 g. of 3 , 4 , 5-trihydroxybenzonitrile 
g were dissolved, in 200 ml. of water containing 7 g. of 
hydroxylamine sulfate which solution had previously 
been neutralized to about pH = 8.0 with aqueous sodium 
hydroxide. 2 g. of sodium sulfite were also present in 
solution. The reaction mixture was stirred at 45*0. 
10 about 18 hours after which time the precipitated 

3,4,5-trihydroxybenzamidoxime formed in the above 
reaction was collected. The product was converted to 
the hydrochloride salt and the hydrochloride salt 
purified by the process of Example 1. 3,4,5-Tri- 
^2 hydroxybenzamidoxime hydrochloride thus prepared melted 
with decomposition at a temperattire of about 20 6 "C. 
after recrystallization from an isopropanol-ethyl 
acetate solvent mixture. 

Analysis Calculated.- C, 38.11; H, 4.11; N, 12.72 
20 Found: C, 38.16; H, 4.16; N, 12.66 

Equivalent weight by titration with aqueous sodium 
hydroxide = 220 (theory = 220.6); yield = 80% 

Example 3 

25 Preparation of Ethyl 3 , 4 , 5-Trihydroxybenzamidate 

5 g. of 3,4 ,5-Trihydroxybenzonitrile were 
dissolved in ether. 2.2 ml. of ethanol were added. 
Next, anhydrous gaseous hydrogen chloride was passed 
through the solution. Ethyl 3,4 ,5-trihydroxybenzamidate 
30 hydrochloride formed in the above reaction precipitated. 
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The precipitate was recrystallized from an isopropanol- 
ether solvent mixture. Ethyl 3 ,4,5-trihydroxyben2- 
amidate hydrochloride thus prepared and purified melted 
at about 172 -C. with decomposition. 

5 Analysis Calculated: C, 46.26; H. 5.18; N, 5.99 

Found: C, 46.26; H, 5.22; N, 6.00 

Equivalent weight by titration with sodium hydroxide = 
115.5 (theory = 116.8); yield = 78% 
10 Ethyl 3,4,5-trihydroxybenzamidate can be " 

prepared by neutralization of the hydrochloride salt, 
extraction of the ester into ether and removal of the 
ether by evaporation. 

Example 4 

Preparation of Ethyl 3 , 4-Dihydroxybenzamidate 

Following the procedure of Example 3, 3,4- 
dihydroxybenzonitrile was converted to ethyl 3 4- 
dihydroxybenzamidate hydrochloride by the reaction with 
ethanol xn the presence of hydrogen chloride. The 
compound melted at 170- C. with decomposition after 
recrystallization from an isopropanol/ether solvent 
mixture; yield =65% 

Analysis Calculated: C, 49.67; H, 5.56; N, 6.44 
^^^'^^ 49.91; H, 5.61; N, 6.45 



15 
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Example 5 

Preparation of Gallamidine 

About 4.5 g. of ethyl 3 , 4 , 5-trihydroxybenz- 

5 amidate hydrochloride were heated with an excess of 14N 
aqueous ammonium hydroxide in ethanol solution. The 
volatile constituents were removed by evaporation and 
the residue, comprising gallamidine formed in the above 
reaction, was dissolved in alcohol. Gallamidine free 

10 base was converted to the hydrochloride salt by passing 
gaseous hydrogen chloride into the alcoholic solution. 
Gallamidine hydrochloride melted at about 169«C. with 
decomposition after recrystallization from an ethanol/ 
ethyl acetate solvent mixture; yield = 53% 

15 Equivalent weight = 203 by titration with aqueous 
sodium hydroxide (theory 204.5) 

Analysis Calculated: C, 41.09; H, 4.43; N, 13.69; 

Foxind: C, 40.80; H, 4.47; N, 14.30. 

Example 6 

Preparation of 3 , 4-Dihydroxybenzohydroxyamidoxime 

A solution of 5.5 g. of 3 , 4-dihydroxy- 
benzamidoxime (from Example 1) was prepared in a 
minimal quantity of methanol. 3.5 g. of hydroxy lamine 
hydrochloride were added. The reaction mixture was 
allowed to stand for about one day at about 50" C, 
Volatile constituents were removed by evaporation. 
Ethyl acetate was added to the residue. The resulting 
precipitate was separated by filtration and gaseous 
hydrogen chloride passed into the filtrate. 3,4- 
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Diliydr-oxyfaenzohydroxyainidoxiine hydrochloride thus 
prepared was separated by filtration. The compound 
melted at about 169«»C. with decomposition. 

Equivalent weight by titration with sodium hydroxide » 
219 (theory = 220.5) 

Analysis Calculated: C, 38.11; H, 4.11; N, 12.70; 

Found: C, 38.28; H, 4.15; N, 12.61. 
Example 7 

Preparation of 3 , 4-Dihydroxymandelamidoxime 

Seven and eight-tenths grams of 3 ,4-dihydroxy- 
benzaldehyde were added to 100 ml. of an aqueous solu- 
tion held at -15 «G. containing 7.8 g. of hydroxylamine 
hydrochloride and 5.5 g. of sodium cyanide. The reaction 
mixture was stirred overnight at about 0°c. and then 
filtered. Four g. of 3 , 4-dihydroxymandelamidoxime 
monohydrate formed in the above reaction were obtained 
melting at 151»C. with decomposition (after loss of 
water of crystallization at about 120 "C) yield = 36% 
Analysis Calculated: c, 44.44; 5.60; h, 12.96; 

Found: C, 44.37; H, 5.65; N, 12.92. 
Example 8 

25 . ^Preparation of 2,3,4-Trihydroxyben2amidoxime 

Following the procedure of Example 2, 3.5 g. 
of 2,3,4-trihydroxyben2onitrile were reacted in 60 ml. 
of water with 4 g. of hydroxylamine sulfate and 2 g. 
. of sodium- bisulfite at pH = 8.0 (adjusted by addition 
30 of concentrated aqueous sodium hydroxide) . The re- 
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action mixture was maintained at ambient temperature 
for about one hour and was then cooled, 2,3|4-Tri- 
hydroxybenzamidoxime precipitated and the precipitate 
was collected by filtration. The filter cake was 

5 dissolved in dilute aqueous hydrochloric acid and the 
resulting solution filtered through activated charcoal. 
Evaporation of the volatile constituents from the 
filtrate under reduced pressure yielded 2,3,4-tri- 
hydroxybenzamidoxime as a hydrochloride salt^ melting 

10 at 207*'C. with decomposition after recrystallization 

from a methanol/ethyl acetate solvent mixture; yield = 
9%. 

Analysis Calculated: C, 38.11; H, 4.11; N, 12.72 
Found: C, 37.34; 4.06; 12.43. 

The preparation of nitrile starting materials 
useful for preparing most of the compounds of this 
invention where the amide starting material is available 
or known is illustrated in the following example. 

20 Preparation I 

Preparation of Nitrile Starting Materials 

A reaction mixture containing 23.5 g. of 
gallamide^ 18 0 ml. of ethyl acetate and 35 ml. of 
thionylchloride was refluxed for about 18 hours. The 
volatile contents were removed by evaporation in 
vacuo and the resulting residue dissolved in 215 ml. of 
water. This aqueous solution was heated to about 90**C. 
until the evolution of gas had ceased. The aqueous 
solution was filtered through charcoal and the water 
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removed from the filtrate by evaporation. 18 g. of 
Gallonitrile were obtained melting at about 219*»C. with 
decomposition (86% yield) • Other nitriles useful as 
starting materials can be prepared similarly. 

^ Preparation II 

Preparation of 2,3,4 -Tr ihydroxybenzonitrile 

Eighteen and five tenths grams of 2,3,4- 
trihydroxybenz amide were refluxed with 20 ml. of phos- 

10 phorusoxychloride and 100 ml. of ethyl acetate for 2.5 
hours. The volatile constituents were removed in vacuo 
and the residue poured into. 150 ml. of an ice-water 
mixture. The resulting suspension was heated to 95 °C. 
and then filtered through activated carbon. The fil- 

3^5 trate was concentrated to about 5 0 ml. whereupon 
2,3 ,4-trihydroxybenzonitrile precipitated and was 
collected by filtration. 2 ,3 , 4-Trihydroxybenzonitrile 
monohydrate thus prepared melted at 17 2 ""C. after re- 
crystallization from a methanol-benzene solvent mixture; 

2Q yield = 57% 

Analysis Calculated: C, 4 9.71; K, 4.17; N, 8.28 
Found: C, 49.70; H, 4.17; N, 8.27. 

Preparation III 

25 Preparation of 2 ,3 , 4 ,5-Tetrahydroxyben2onitrile 

Following the procedure of Mayer et al . , 
Chem, Ber. , 89 , 511 (1956), 3 , 4 , 5-trimethoxybenzoic 
acid was brominated in ethyl acetate solution without 
added water using only 40% of the chloroform volxraie 
30 specified in that reference. Twenty-three and five 
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tenths grains of 2-bromo-3 ^ 4 ^ 5-tr±inethoxybenzoic acid 
thus synthesized were added to a solution prepared by 
dissolving 1 g, of cupric acetate and 5 g. of sodium 
sulfite in 110 ml. of water followed by 27 g» of sodium 
5 hydroxide. The reaction mixture, which was a suspension, 
was heated to boiling for about six hours. Since it 
showed a tendency to solidify, extra water was added to 
maintain fluidity. At the end of six hours, the sus- 
pension was poured into a mixture of ice and 120 ml. of 
IQ 12N aqueous hydrochloric acid. The volume was raised 
to about 900 ml. with water. This mixture was then 
heated. Complete dissolution occurred at about 95 ®C at 
which point, 700 mg. of thioacetamide were added and 
heating continued until black copper sulfide had 
2^5 formed. The mixture was filtered through carbon. 

3,4 ,5-Trimethoxysalicylic acid monohydrate precipitated 
from the filtrate. 

The corresponding methyl ester was prepared 
by heating 3 , 4 , 5-trimethoxysalicylic acid monohydrate 
20 in methanol containing 2% sulfuric acid, as set forth 
in the above reference. 

Methyl 3,4,5-trimethoxysalicylate prepared as 
above was heated in 14N aqueous ammonium hydroxide for 
four hours . The volatile constituents were removed in 
25 vacuo and the resulting residue, 3 , 4 , 5-trimethoxy- 
salicylamide , was recrystallized from water at pH = 
5.0. The compoxind melted at about ISl^C; yield = 70% 
(13.4 g. of 3,4 ,5-trimethoxy salicylic acid gave 9.3 g. 
of pure 3 /4 ,5-trimethoxysalicylamide. ) Seven and seven 
3Q tenths grams of 3 , 4 , 5-trimethoxysalicylamide were 
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heated to reflux with. 8 ml. of phosphorusoxychloride in 
100 jnl. of ethyl acetate for about one hour. The 
volatile constituents were removed by evaporation in 
vacuo and the residue, comprising 3 ,4 ,S-trimethoxy- 

5 salicylnitrile ^ was dissolved in water to which some 

ethanol was added umtil the solution was clear at 95 ^C. 
Again the volatile constituents were removed in vacuo 
and the liquid residue dissolved in hot benzene. The 
residue was dried and the solution used in the next 
demethylation step without further purification. 

The above benzene solution was diluted to 
100 ml. with benzene and 20 of anhydrous aluminum 
chloride added. The reaction mixture was heated to 
reflux temperature for two hours and the suspension 
poured into a mixture of 12N hydrochloric acid and 
ice. The volatile constituents were removed from this 
mixture by evaporation and 2 ,3 , 4 ,5-tetrahydroxybenzo- 
iiitrile, formed in the above reaction, was extracted 
into ethyl acetate. The ethyl acetate extract was 

20 d^ried and the residue obtained by removal of the ethyl ' 
acetate was recrystallized from water. Three grams of 
2,3,4,5-tetrahydroxybenzonitrile were obtained which 
decomposed at 219<»C. yield = 36% from the starting 
3,4, 5-trimethoxysalicylamide . 

25 Analysis Calculated (for one-fourth mole of water) : 

C, 48.99; K, 3.02; N, 8.16 
Poundi C, 49.06; H, 3.23; N, 8.14. 
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2,3,4, S-tetrahydroxybenzamide was prepared 
by careful hydrolysis of the corresponding nitrile 
in concentrated hydrochloric acid at 60®C* The amide 
gradually precipitated from a solution of 1.5 g, of 
the nitrile in 25 ml. of hydrochloric acid. After 
recrystallization from water, the product decomposed 
at 290**C. Yield = 23%. 

Analysis Calculated: C, 45.41; H, 3.81; 7.5 6 

Found; C, 44.83; H, 3.88; N, 7.27. 

The above procedure can be adapted for the 
preparation of other tetrahydroxybenzonitriles , although 
isomer separation procedures may be necessary where two 
monobromo substitution products are possible in the 
starting trimethoxybenzoic acid. Thus, 2 , 3 , 5 , 6-tetra- 
hydroxybenzonitrile can be prepared from 2,3,5-tri- 
methoxybenzoic acid (with 2,3,4, 5-tetrahydroxybenzo- 
nitrile as a contaminant). Likewise, 2 , 3 , 4 , 6-tetra- 
hydroxybenzonitrile can be prepared from 2, 3, 4 -tri- 
methoxybenzoic acid . 

Preparation IV 

Preparation of Pentahydroxybenzonitrile 

Eleven and three-tenths grams of penta- 
methoxybenz amide obtained by the procedure of Dallacher, 
Ann. , 665 , 78-83 (1963) were dissolved in 50 ml. of 
ethyl acetate to which 10 ml. of thionyl chloride had 
been added. The reaction mixture was heated to reflux 
for about three hours. Evaporation of volatile con- 
stituents in vacuo yielded a residue comprising penta- 
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methoxybenzonitrile melting at 64**C. after recrystal- 
lization from methanol/water; yield = 80% 

Analysis Calculated: C, 56.92; 5.97; 5.53 
Found: C, 56.92; H, 5.88; 5.49. 

Four and three-tenths grams of pentamethoxy- 
benzonitrile were refluxed in 12.5 g. of anhydrous 
aluminum chloride and 125 ml. of toluene for three 
hours after which time the suspension was poured into a 
mixture of 50 ml. of 12N aqueous hydrochloric acid .and 
200 g. of ice. The toluene layer was separated and the 
product recovered from the aqueous layer by filtration. 
Recrystallization from an ethyl acetate/ toluene solvent 
mixture yielded pentahydroxybenzonitrile decomposing at 
238^0. with a prior slight decomposition at 220*»C.; 
yield = 66% 



Analysis Calculated (for monohydrate) : 

C, 41-80; H/ 3.51; N, 6.96 
Found: C, 42.20; E, 3.54; N, 6.94. 

20 Following the procedure of Example 3, ethyl 

tetrahydroxybenzamidate can be prepared from the 
corresponding nitrile. 

Also following the above procedure, penta- 
hydroxybenzamidate can be prepa^red from the cor re- 

25 spending pentahydroxybenzonitrile by reaction with 

ethanol in the presence of anhydrous HCl. The compound 
is converted to the hydrochloride salt and isolated as 
such according to the procedure of Example 3. 

30 
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Compounds represented by formula I above have 
the ability to inhibit ribonucleotide reductase, an 
enzyme involved in the reductive conversion of ribo- 
nucleotides to deoxyribonucleotides . This enzymatic 
reaction is a rate controlling step in the biosynthetic 
pathway leading to DNA and cell replication. in 
general, the ribonucleotide reductase level is closely 
correlated with cellular replication. Thus, it is not 
surprising that the compounds of this invention, which 
are potent ribonucleotide reductase inhibitors, are 
also capable of prolonging the life of mice carrying 
transplanted tumors since replication of tumor cells is 
equally inhibited. In particular, we have found that 
administration of a compound of this invention coming 
15 within the scope of formula I above prolongs the life 
of mice inoculated with L1210 leukemia, a tumor not * 
ordinarily susceptible to chemotherapy. • m addition, 
the compounds have shown activity against P38 8 leukemia 
and B16 melanoma. 



10 



20 



The results of biological tests of compounds 
according to formula I are incorporated in a series of 
Tables which follow. Table 1 gives ribonucleotide 
reductase data for representative compounds of formula 
I. In the table, column 1 gives the substitution 
25 pattern in the benzene ring, column 2, the (CHR") 
group, column 3, the R' group, and column 4, the " 

C-R 

. (inhibitory dose in micromolar concentration which 

inhibits ribonucleotide reductase by 50%) in pmoles. 
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(OH). 




Table 1 



(CHR") -I- 



(OH)„ (CHR") 



10 2,4 



bond 



3 , 4 bond 



II 

C-R 



ID 



50 



NOH 

II 

C-NH2-HC1 8 

It 

C-OEt-HCl 12 



15 3,4 



bond 



3,4 bond 



NH 

C-NH2-HC1 20 
NOH 

n 

C-NHOH-HCl 40 



20 3,4,5 bond 



3,4,5 bond 



25 3,4,5 bond 



3,4 



CHOH 



30 



3,4,5 bond 



2,3,4 bond 



2,3 



bond 



NOH 

C-NH2'HC1 5 
NH 

fff 

C-OEt-HCl 15 
NH 

C-NH2'HC1 25 

NOH 

ir 

C-NH2*H20 10 
NOH 

It 

C-NHOH-HCl 25 
NOH 

C-NH2 '^^1 
NOH 

C-NHj-HCl 18 



OMPI 

^ WIPO 
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In the above determination of ID^^'s in 
Table 1^ ribonucleotide reductase is partially purified 
from HeLa cells or Ehrlich ascites cells by a procedure 
similar to that set forth by Elford et al. J. Biol , 
5 Chem. , 245 ,. 5228 (1970) . The activity of the enzyme 
was measured by a slightly modified assay procedure 
originally developed by Reichard et al. id, 236 , 1150 
(1969) . This procedure measures the conversion of CDF 
to dCDP. The assay mixture (0.34 ml.) contains 3 yCi 
10 of [^H] CDP (specific activity 14-19 Ci/ymol) , 3.3* 
ymole ATP, 5.9 ymoles magnesium chloride, 8.8 pmoles 
Hepes buffer at pH = 7.5, 15 umoles dithiothreitol and 
enzyme protein between 0.4 and 1.3 mg. Incubation was 
provided for forty minutes at 30®C. Ion exchange 
15 chromatography employing Dowex 50 (h"^) resin is used to 
separate the product . from the substrate. The inhibitors 
were dissolved in water and a mixture of water and up 
to 1% ethanol or 2% dimethylsulf oxide neither one of 
which inhibited the enzyme at these concentrations. 
20 Each inhibitor was tested at a minimum of three con- 
centrations and the active compounds reassayed at least 
one additional time. ID^^'s (ymolar) were estimated 
from graphs siammarizing results for each compound. 

Testing of the compounds of this invention 
25 against L-1210 lymphoid leukemia were carried out as 

follows: I.-1210 leukemia was maintained by weekly 
5 

passage of 10 L-1210 cells intraperitoneally into 
DBA/2 mice. Diluted ascitic fluid, 0.1 ml. (10^ 
cells) , was administered ip to female BSD^Fj^ mice 
3Q weighing about 2 0 g. Drugs were administered ip 24 



C API 
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hour s after tumor transplantation and injections were 
continued daily for a total of eight days. A group of 
control mice receiving only the injection medium were 
maintained. Table 2 which follows gives the antitumor 
activity against L-1210 leukemia for certain compounds 
of this invention. In the table, colianm 1 gives the 
name of the compound, column 2 the dose in mg./kg. , and 
column 3 the percent increase in sxirvival time over 
controls at each dose level. 
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3 , 4 -Dihydroxybenzamidoxime and 3,4, 5—t:ri- 
hydroxybenzamidoxime were subjected to a further series 
of tests against various transplanted tumors in mice 
according to the following protocols: 

5 For L-1210 lyrophoid leukemia, 2 0 grams CDF^ 

or BDF^ mice rejected ip with 10^ leukemia cells. The 
drug was given one day after tumor inoculation con- 
tinued for an additional eight days. The mean survival 
time for the treated animal was compared to that of the 

10 control group. Table 3 which follows gives the results 
of this test for the above two compounds. in the 
table, column 1 gives the name of the compound, column 2 
the dose levels, and column 3 treated over control 
percent survival time. (In other words, a figure of 

15 indicates a 75% increase in survival time.) 
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The drugs were also used to treat melanotic 
melanoma B^g. The protocol for testing against this 
tumor is as follows: 

0.5 ml. of a tumor homogenate prepared by 
5 homogenizing 1 g. of tumor with 10 ml. of cold balanced 
solution is implanted ip in groups of 10 '^q^^^I 
The drug is administered daily for a total of nine days 
starting one day after tumor inoculation- The results 
are expressed as mean survival time of treated group 
10 versus control group (T/C) as a percent. Table 4 which 
follows gives the results of this test. 
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A compound of lihis inven*tion was also 1:est:ed 
on the solid colon trumor model, colon 38. The tumor 
was implanted subcutaneously and the drug injected 
intraperitoneally twice a day on day two (seven hours 
5 apart) and twice on day nine. The median tumor weight 
estimated from tumor diameter is the parameter of tumor 
inhibition and is measured on day 20. The median tumor 
weight of treated versus control — T/C percent. 
Table 5 which follows gives the results of this test. 
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Compounds of -this Invezi'tlon also showed some 
activity against P388 leukemia. The following protocol 
was used: 

CDF^ mice were injected ip with 10^ cells. 

5 The drug was administered in the first day after tiimor 
inoculation and continued daily for five treatments. 
The mean survival time of the treated group compared to 
the non-treated control group equals T/C x 100 = T/C 
percent. Table 6 which follows gives the results of 

in these determinations. 
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It is believed that the antineoplastic 
activity of the compounds of this invention is due in 
part to their ability to scavenge free-radicals. Addi- 
tionally/ the compounds of this invention are cancer 

5 protective agents and this utility also may be a man- 
ifestation of their free-radical scavenging capability. 
Free-radical scavenging agents may also be useful in 
detoxifying maimnaJLs in whom an excess of free radicals 
is a cause and/or- result of the toxicity. Other pos- 

10 sible uses of free radical scavengers are to inhibit 
protaglandin transformation r leucotriene intercon- 
version and lipogenesis, to act as inflammaoty modula- 
tors and as food additive or preservatives to prevent 
lipid oxidation. The free radical scavenging ability 

25 of the compounds of the invention was determined by 
measuring the destruction of the stable free radical , 
diphenylpicrylhydrazyl / in the presence of the test 
compound in a manner similar to that reported by Venker 
and Herxmann, Naturwiss ^ 47 ^ 133-134 (1960) . The 

2Q absorbance at 518 nM of a 100 jiM solution of diphenyl- 
picryhydrazyl free radical in acetone was monitored in 
a Gilford spectrophotometer. The test compound was 
added at a final concentration of 25 yM and the rate of 
reduction of absorption at 518 nM was observed. Table 

22 7 below gives the free radical scavenging abilities of 
the compounds of this invention expressed as the 
initial rate of decrease in optical density units/min. 
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Table 7 

FREE RADICAL SCAVENGING ABILITIES 



5 



10 



uompoiina Tn n- •• ^ 1 


A 


units/min . * 




(518 ran) 


3 , 4-dihydroxyinandeiamidoxime 


0. 


383 


3 , 4— dihydroxybenzamidoxime 'HCl 


0. 


718 


3,4, 5-fcrihydroxybenzainidoxiine 'HCl 


0. 


929 


Ethyl 3,4, 5- tr ihydroxybenzamidate • HCl 


3. 


730 


Ethyl 3 , 4 -dihydroxyfaenzamidate - HCl 


0. 


706 


3 , 4-dihydroxybenzaaaidine-HCl 


1. 


721 


3,4, S-trihydroxybenzohydroxyamidoxime-HCl 


0. 


882 


3,4, 5-trihydroxybenzamidine»HCl 


4. 


912 


*One optical density unit decrease 


of 


initial 



absorbance/min at 518 nm by 2.5 yM of agent. 
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Additional free radical scavenging po-ten-tial 
of a compound of -bhis invention was measured on a 
generated tyrosine free radical. There is evidence 
that a tyrosine free radical is formed as part of the 
5 maonmalian ribonucleotide reductase enzyme during the 

conversion of ribonucleotides to deoxyribonucleotides— see 
L, Xkerblom, et al. Proc, Natl , Acad , Sci , USA, 78 , 
. 2159-2163 (1981) . The method for the generation of the 
tyrosine free radical and its destruction by a compound 
10 of this invention was accomplished by pulse radiolysis 
experiments at Brunei University, Oxbridge England on 
the Brunei 4 MeV linear accelerator using a 1.5 cm 
optical cell and a 200 ns pulse delivering a dose of 
approximately 1 krad as measured by thiocyanate dosim- 
15 etry. All solutions were purged with nitrogen using a 

syringe-deaerating technique prior to use. The detailed 
description of the methodology can be found in R.Ii. 
Willson, Chemistry and Industry , 183-193 (1977) . 

For the generation of the tyrosine radical, 
20 sodium azide was utilized as an intermediate between 
the pulse radiolysis generated free electron and 
tyrosine. Hydroxyurea was used as a reference point 
for the ability of these compounds to scavange tyrosine 
free radical since hydroxyurea inhibition of ribo- 
25 nucleotide reductase has been attributed to its ability 
to- scavenge the free radical of the active mammalian 
ribonucleotide reductase. — See AJcerblom et al (loc. 
cit) . See also I.K. Larsen et al • , Eur. J. Biochem , 

125 , 75-81 (1982) • A rate constant of 1.9 x 10^ M^-^ 

-1 fl -1 

30 S was determined for hydroxyurea and 4.5 x 10 M 
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for 3,4-dihydroxybenzainidoxiine hydrochloride. m 
other words, 3 , 4-dihydroxybenzainidoxime hydrochloride 
was 100+ times a faster scavenger of tyrosine free 
radical than hydroxyurea. 
5 The novel nitriles and amide starting ma- 

terials for the synthesis of the compounds of this 
invention, (Formula I wherein n is 4 or 5) , although 
ch^Lefly useful as intermediates, have ribonucleotide 
reductase activity and are also active free radical 
10 scavengers. 

Table 8 which follows gives anti-tumor data 
vs I.-1210 and P-388 leukemia for these novel nitriles. 
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Table 8 
Antileukemia Activity 

L1210 



5 Name of Compound 

3 , 4-dihydroxybenzonitrile 



Dose in mg/kcr 



2,3, 4-trihydroxy- 
benzonitrile 



10 



15 



3,4, 5-trihydroxy- 
benzonitrile 



2,3,4, 5-tetrahydroxy- 
benzonitrile 



pentahydroxybenzonitrile 



20 



P-388 



3,4, 5-trihydroxy- 
benzonitrile 



47. 6 
95.2 
196 

50 
100 
155 
259 
327 

118 
157 



163 
230 

34.3 
51. 5 
77.2 
116. 0 



25 



400 
200 
100 
50 



To Increase in 
Survival Time 

4.7 

15.6 
Toxic 

11.0 
26. 0 
12.1 

Toxic 
Toxic 

34. 0 
28.0 



48. 4 
Toxic 

14.2 

0 

Toxic 
Toxic 



126 

126, 139 

110, 139 

115, 120 



30 
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The compounds of this invention are admin- 
istered parenterally to mairanals suffering from a neo- 
plastic disease, preferably using a water soluble salt 
of the drug. Intravenous injection of an isotonic salt 
5 solution of the drug salt is the preferred route of 
admini s tr at ion . 
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We claim: 

!• A method of inhibiting ribonucleotide 
reductase which comprises administering to a mammal 
carrying a tumor having a relatively high ribonucleo- 
tide reductase level, an amount of a compound according 
to the following formula effective to inhibit ribo- 
nucleotide reductase 

(OH) , 

%— (CHR") 4-R 



10 



m 



wherein n is 2-5, m is 0 or 1, R' is NOH or NH, R is 
U ^^2 NHOH when R' is NOH; R is NHj or O-C^^^ alkyl 
^/j.Jf? when R' is NH; and R' • is H or OH or a pharmace^ically 
acceptable acid addition salt thereof. 

• 2. A method according to claim 1 in which 
3,4 -dihydroxybenzamidoxime is administered. 

3 . A method according to claim 1 in which 
3 / 4 r 5-tr ihydroxybenzamidoxime is administered . 
20 4, A method according to claim 1 in which 

ethyl gallamidate is administered. 

5 . A method according to claim 1 in which 
two of the OH groups in the phenyl ring are vicinal. 

6. A method according to claim 1 in which n 
25 is 2 or 3 and R is NHOH. 

7. A method according to claim 1 in which m 

is 0. 

8 . A method according to claim 1 in which R 

is NHOH. 

i 30 9. A method according to claim 1 in which 

3, 4-dihydroxybenzamidine is administered. 
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10. A compoxind of the formula 
(OH) . , 

— ^\ T 

5 y 

in which n is 2-5, m is 0 or 1, R- is nh or NOH, R is 
or NHOH; when R' is NOH;' R is NH or O-C, alkyl- 
when R- is NH; R.. is H or OH, or a phamiaceu^ically ' 
acceptable acid- addition salt thereof. 

11. A coinpoiand according to claim 10, said 
compoiand being 3 , 4-dihydroxyben2amidoxiine hydrochloride. 

12. A compound according to claim 10, said 
compound being 3 , 4 , 5-trihydroxybenzamidoxime hydrochloride. 

15 13. A compound according to claim 10, said 

compound being ethyl gallamidate. 

14. A compound according to claim 10, said 
compound being 2,3,4-trihydroxybenzamidoxime. 

15. A compound according to claim 10, said 
compound being 3 , 4 , 5-trihydroxybenzamidoxime . 

16. A compound according to claim 10, said 
compound being 3 ,4-dihydroxybenzamidine. 

17. A compound according to claim 10, said 
compound being 3 , 4 -dihydroxybenzohydroxyamidoxime . 

25 ^ compound according to claim 10, said 

compound being 3, 4 , 5-trihydroxybenzohydroxyamidoxime. 

19. A compound according to claim 10 in which 
n is 3 and the three hydroxyls are in the 2, 3 and 4 
positions. 

30 A. compound according to claim 10 in 

which n is 2 and the hydroxyls are in the 2 and 3 
positions . 
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21. A hydrochloride salt of a compound 
according to claim 10. 

22. A compound according to claim 10 in which 
two of the hydroxyls are vicinal. 

23. A compound according to claim 10 in which 

n is 2 and the two hydroxyls are in the 3 and 4 positions. 

24. A compound according to claim 10 in which 
n is 3 and the three hydroxyls are in the 3, 4 and 5 
positions. 

25. A compound according to claim 10 in which 
n is 2 or 3,. two hydroxyls are vicinal and m is O. 

26. The method of scavenging free radicals in 
vivo which comprises administering to a mammal having a 
disease condition involving excess free radical formation/ 
and in need of treatment, an effective dose of a 
compound according to Claim 10. 

27. A compound of the formula 



(OH)^ ^ ^ 



wherein p is 4 or 5 wherein Z is CN or CONH2 • 

28. A compound according to claim 27, said 
compound being 2 , 3 , 4 , 5-tetrahydroxybenzonitr ile . 

29. A compound according to claim 27, said 
compound being pentahydroxybenzonitrile . 

30. A compound according to claim 27 , said 
compound being 2,3,4, 5-tetrahydroxybenzamide . 



30 
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31. Tlte xnetihod of treating leukemia in 
mammals which comprises administering to a mammal 
suffering from leukemia and in need of treatment, an 
anti-leukemic dose of a compound according to claim 10. 
5 32. The method according to claim 31 in which 

3,4 -dihydroxybenzamidoxime is administered . 

33. A method according to claim 31 in which 
3 / 4 , 5— trihydroxybenzamidoxime is administered. 

34. A method according to Claim 31 in which 
3,4-dihydroxybenzamidine is administered. 

35. A pharmaceutical formulation in unit 
dosage form for parenteral administration containing a 
compound according to claim 10 plus one or more phar- 
maceutically-acceptable excipients . 

36. The method of treating leukemia in 
mammals, which comprises administering to a mammal 
suffering from leukemia and in need of treatment, an 
anti-leukemia dose of a compound according to claim 27. 
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